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摘 要 
 
“节能减排，保护环境”是目前全人类一个共同的发展主题。在世界各国和地
区，照明用电占据着其总发电量的显著比例。相比于传统的照明光源(白炽灯，荧
光灯，高压气体放电灯等)，发光二极管(light-emitting diode, LED)作为新一代的
照明光源有着诸多优点，如寿命长，效率高，无重金属污染，以及结构紧凑，易
于设计、安装、运输等。基于蓝光芯片的白光 LED 是目前市场的主流，此方案
需要波长转换材料(荧光材料)使其产生白光。 
铈掺杂钇/镥铝石榴石(cerium-doped yttrium/lutetium aluminum garnet, YAG:Ce 
and LuAG:Ce)是白光 LED 产业重要荧光材料，因其价格相对低廉，合成工艺简
单，性能优异而被广泛使用。固相法合成的微米级粉末是其最常见的使用形式。
然而随着荧光材料用途的扩展，如大功率 LED，激光照明，闪烁体制备，无机生
物荧光标记等，传统固相法合成的 YAG:Ce 和 LuAG:Ce 的粉末已经无法应对新
的用途和要求。本研究采用了非均相沉淀，溶胶−凝胶，静电纺丝等方法，制备
了多种形貌的 YAG:Ce 和 LuAG:Ce 荧光材料，并结合不同的封装工艺对其进行
了具体应用方面的研究，分为以下三个部分： 
(1) 使用制备(含铝)多晶纤维所用的铝溶胶体系，以制备 LuAG:Ce 荧光粉。
传统的溶胶−凝胶法在制备荧光粉时，往往需要加入基于高分子(含碳)的凝胶剂
来使其凝胶化，碳残留会降低荧光材料的吸收和发射，从而明显降低其性能。铝
溶胶体系从源头上隔绝了碳的引入。制得无碳前驱体之后，采用不同的热处理工
艺，得到了微米级和纳米级的荧光粉。经 950 °C保温 1 h热处理，可得到一次粒
径为纳米级(~15 nm)的 LuAG:Ce, 此时颗粒有团聚，该产物可以应用在透明陶瓷
的制备。而经两步法热处理制得的微米级的(~3 μm)荧光粉团聚较小，亮度达到
商品荧光粉的 80%。有一定潜力应用在白光 LED上。 
(2) 报道了一种非均相沉淀法以制备 LuAG:Ce 微米颗粒。使用了喷雾热解方
法制备的球状的 α-Al2O3作为沉淀的核心，并采用了“两步法”热处理工艺，得到
了尺寸均匀，无团聚的微米级荧光粉，中值粒径(D50)约为 13 μm。其亮度接近主
流商品水平。用于大功率白光 LED的 Phosphor in Glass (PiG)是目前的研究热点，
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II 
 
为了降低 LuAG:Ce 在 PiG制备过程中的劣化，对 LuAG:Ce 颗粒表面进行了 SiO2
包覆。实验结果证实，SiO2包覆的 LuAG:Ce 荧光粉在 PiG (Na2O-CaO-SiO2-Al2O3
体系)制备过程中的劣化明显降低，其原因可能是 SiO2对荧光粉和玻璃之间的界
面反应有一定的抑制作用。有着较好的应用前景。 
(3) 对基于铝溶胶的溶胶−凝胶法进行了进一步的探索。通过静电纺丝制备了
YAG:Ce 纳米线。首先得到了直径~250 nm 的纳米线前驱体。然后经过严格控制
的热处理过程，制得了多晶 YAG:Ce 的纳米线。结晶后的纳米线直径有所萎缩到
~200 nm，但纤维结构完整的保持了下来。将纳米线堆叠而成的片材直接附在蓝
光芯片上，可以制得白光 LED，其流明效率达到 62 lm/W，展现出潜在的应用价
值。接下来，为应对溶胶−凝胶法高温烧结后的团聚问题，提出了一种改进的烧
结方案。将 YAG:Ce 溶胶涂覆在 SiO2 上制得了岛状的涂层，热处理后，通过氢
氟酸腐蚀除去 SiO2, 经离心得到了分散良好的 YAG:Ce 纳米颗粒，YAG:Ce 纳米
颗粒尺寸在 150 nm 左右，其发射强度(450 nm 激发)达到了微米级商品粉的约
70%，对于纳米级荧光粉是一个比较可观的数值。 
 
关键词：稀土掺杂；波长转换；发光二极管 
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Abstract 
 
Recently, “energy saving and emission reduction” are hot topics in human society. 
Among the world’s nations and areas, electric consumption on lighting accounts for a 
considerable proportion of the gross generation. Compared with conventional lighting 
sources (e.g., incandescent, fluorescent and metal halogen lamps), the light-emitting 
diodes (LEDs) are energy-saving, mercury-free, compact, and long-lived. The WLEDs 
that are based on blue LEDs are the mainstream of the market. This strategy requires 
high quality color converters to generate white light. 
Cerium-doped yttrium/lutetium aluminum garnet (YAG:Ce and LuAG:Ce) are 
important color converter materials for WLEDs. Due to advantages of high stability, 
low fabrication cost, ease of synthesis and high efficience, YAG:Ce and LuAG:Ce are 
widely applied in the WLED fabrication. The micron-sized powders that are based on 
high temperature solid state reaction are most commonly used. In this study, high 
quality YAG:Ce and LuAG:Ce were prepared by heterogeneous precipitation, sol−gel, 
and electrostatic spinning, and the prepared YAG:Ce and LuAG:Ce were applied in 
several package process. 
(1) Alumina sol was firstly used to prepare LuAG:Ce phosphor. The traditional 
sol−gel method that are based on carbonaceous gelling agent could cause carbon 
residue, and the emission and absorption intensity of the phosphor would decrease. 
Using alumina sol can avoid the carbon residue because no polymer-based starting 
material is used. Furthormore, different particle size can be obtained by adjusting the 
heat treatment process. For the nano-sized particle (~15 nm) prepared by annealed at 
950 °C for 1 h, obvious agglomeration occurs, which can be applied in the preparation 
of transparent ceramic. For the micro-sized (~3 μm) phosphor prepared by a 2-step 
heating process, no obvious agglomeration can be observed, its luminescence intensity 
reaches 80% of the commercial phosphor. 
(2) Micro-sized LuAG:Ce phosphor was prepared by heterogeneous precipitation 
method. Spherical alumina that are prepared by spray pyrolysis were used as 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Abstract 
 
 
IV 
 
precipitation core. After sintered by a “two-step” method, uniform and spherical 
LuAG:Ce were obtained. Its average particle size was ~13 μm. The luminescence 
intensity were comparable with commercial phosphors. Phosphor in Glass (PiG) has 
drawn great attentions. In order to be applied in PiG with less interfacial reaction, the 
LuAG:Ce was coated by SiO2 layer. The result showed that the SiO2-coated LuAG:Ce 
phosphor had lower degradation during the co-firing, indicating the protective effect of 
the SiO2 coating. The properties shows great potential in the application of PiG. 
(3) The YAG:Ce precursor that was based on aluminum-sol was used for the 
preparation of nano fiber and nano particle. The nano fiber was prepared by 
electrospinning, then was annealed by well-controlled heating process. Diameter of the 
precursor was around 250 nm, after heat treatment, the diameter shrunk to ~200 nm. 
The fiber morphology was well-retained. A WLED was constructed by coupling the 
YAG:Ce nanofiber with a 450 nm InGaN blue chip. The WLED shows a luminous 
efficiency of 62 lm/W, which is adequate for practical use. Then, aiming to solve the 
agglomeration problem of the nano phosphor particle, a smart annealing strategy was 
proposed. The YAG:Ce sol was coated on the surface of SiO2 particle, then nano 
particle (film) can form on the surface of the SiO2, then the SiO2 was removed by the 
HF, well dispersed nano particle can be obtained. Diameter of the particle is ~150 nm. 
Its luminescence intensity (excited by 450 nm) reaches 70% of the commercial 
phosphor. 
 
Keywords: Rare-earth doping; Wavelength conversion; Light-emitting diode. 
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